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(57) Abstract 

PURPOSE: To avoid noise trouble and constitutional 
complication by performing automatic switching betvi/een a 
PWM mode and a linear mode in accordance with the 
current demand of an inductive equipment 

CONSTrrUTION: A timer signal T-t sets the output PWMC 
of an NOR gate in the state of lov/. When VCOMP is 
low", PWMC is low" as it is after T-, has become low". 
When UPA* is low", a driving transistor MAPU turns on. 
When a gate signal is in the state of 'high', DNB 
generates a signal for driving a transistor MBND. It 
also turns on, and a current flows through coils L^AA and 
LMB. The current flowing through the coils increases 
with time, and an amplified voltage VRSA is obtained by 
AMPi. When VRSA is larger than a voHage VIN, VCOMP is 
made "high' by a comparator COMP^, and PWMC is made 
'high' by an NOR gate N2. Thereby the transistor MAPU 
is driven, turns off, and k>locks a current from a power 
source VM. A current continuously flows in an inductive 
load Ihrou^ a diode DDA. 
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10 0 0 3] '^-^^^(DY^mm^^Mm^^mm^ 

(Pulse Width Modulation= P WM) t LT^ 
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[0 0 0 7] ;^^PjT'«^«ti^g^ii5mffi^2iy^U 

>^ ^ 7. iHl ?S ^ O/nVv;^ ^ ti. 6 ^ <^ 

thWiRmm\m^ Lx^<^v^:^^^mmm^^mi-^ r 

[0 0 0 9] :*:^p>^<D|IJS*?yTfl^:fc^NVv;^liSPo^ 

^ ^ :^iJ^ft-§-^^^LXPWM;^>r 5/f-ti¥EMFJtR 
^P^*r6o ^^c. ^f- 
[0 0 10] ;*:^igi^«3i^i:lEl?SSr^$^-^-f icK^i^:^ 

t^hoxh^fci^s ^hiim^xm^xmm^^mm 

[0 0 1 1 J 
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TomMo^xmW'Ommy '^-i^(Dmm^^t*o^<<o 

^tLtih (Di^^<oum^m'^^ ^ji<xi,:^^m ^mMx% 
6zt \mj^xh^o 't(oi^(DM.xnwM^^'^^w{^t> 

fi^^K<<ti: b?^i^v^ J: 5 {^^(D^m^o^^^X^tm t < K 

[0 0 12] V =^rRX/PV^M^m<Ofcib(Dm^^m(D 

^n<o~m^mi\^7j^'ro msEesiPi^yrJ' (commutat 

10 ION LOGIC) {ff-l 1 TRXJ^D I SpwRft-|-l 1 8 1^17 >^ 
V'g h^yV^/W ^^t--— 1 0 5(7)tt\;': 1 1 6 t t> 
fCAND^^-M 0 6|CA;(3i: LTm^^tl^o AND 
^'-M 0 6<Omt)l 1 9 tt^'^ 5^:77 1 0 7\^mf^^^ 
TV^6o 1 0 7(OH!it)l 2 0^^ Ky-f^^l 0 1 

\mm^nx\,^^o k^^^^i o io^-m 1 2tii* 
m^^io2^mLx^y>v\zmu^tixihy>. 
ii^s^i 0 3(DX:tim^mm^rix\^^^o ^-k-m 1 1 

^K$;^bTV^6o ^lO^gRl 0 6, 1 0 7^t>*10 1i: 

20 i^-cDiiiin^m (^/T^^r) tmm\^mm^tix:^^^ 

[0 0 13] mmmm^-i i4^mmmio4(DWj^ 
^x:^m^^m^nx^^6o i o a om;^ 1 1 3 
\ti$^^i 0 4(DKmAtiu\mm^tix\^^^o 

1 0 4<?5tti:^i 1 5H:!7Vi/3 h-^.'Vf"^'^^:/^— ^ 

1 0 5^;:^^$nTV^^, y:/v^3 s/ h^yv^^N^:/!/ 

1 0 5<D^^ ^y^lt^^l^l 2 3T!7^^v'3 y h 

i/>5^ 1 0 9\:iX^mW^i^^o 
30 [0014] fi-^ 121(1 (an))) 1 0 8 o 

$m^Atimm^^^nx\^^^o ^^^mi 0 som:^i 

1 Sflii^^l 0 8(^^^A;^^l-^M^tLTl/>^o it 
<i§:^l 0 8<?5tli;^l 2 2ti^-y/N'>^ 1 1 O^mLX^^ 
y>VRXfy<yyT i 0 7 ^^:»^^$nTV^So 
[0015] t¥^fttto0jffl)iH]?S(;:in i; :=.r^Jt^/v-7* 

ttl^tiiStn: 10 2 SriiLTlitm 1 0 3 O I (SENSE) 

0 8) C^m;'3fi/-^5/:77 1 0 7^aTNf-^>-;^/V'MO 
40 SFETl 0 lOy— b^^^-f-^o ^<s/7Tl07ti 

FETi 0 lo^'- h^iEitit"6;^cJ6tci 0 ^ yr:/-< 
[0 0 16] ::oiHlKI-«:m5S^-KS:t7^>f isPW 

MIplgS•;^5^^^^TV^5o ^-i^m»ft;65 I (LIMIT) l l 4 

\cn^^Mcmm^xmMi'i>t (^•v/^v-J^ i o sci 

(DM^itHn^i 1 4^t>*i 2 ioi^(Djfi:i/^*{-J:oTf^iJ 
50 IB)$n^)o 
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[0 0 17] 7^^PJ(^^JfeWSr^2{C^t-o 2r>(D^^ 

tcJ:oT|g4i--6o TiliNORy-fNiOHaoA:^ 

tb*tifg-i-P WMcTfc 19 O Ry— b 2 0 1 O 1 <iOA 
Xtin\^-m^^i^X\i^^^ OR^-h2 0 1(0^5-* 
fe-So OR<Jr-h2 0 10ffi;^UpAs{tPSlEi!lh7V 10 

KDDA&iiLT:/7 V KIC^)^^tlTV^^o 
[0 0 18] ViNff-^l:iitfe^COMPxO^^A;^^|5 
l-«)gl5$nTV>:5o tt:KI§COMPx<0tti:^«:y-Kv 

coMp(-SJ^$tLTV>6o VcoMpttNOR<^r-^N2^0 1 
m<oxtiU\^. :i/cNOR<>-'-hN^(DHi(DA;^^fC 

<Daj;'j§i5t i:1>^;INOR</-^N3^-^)g&^nTv^5o 20 

NOR^— hN3C0ai;^tj:NOR'ir— hN^CDtj 5-':fe'<^ 

A:^W-«ji^$ttT*5l?. ^fc^teLTfg-^SMPLSr 

[0 0 19] KAfl^-^:3^/VLMAi-SM$tl 

mEE V Rstitiii^ A M p 1 m'^wMxiiu $ 

*5t)^/c^g:gi:Rs^iiLTi/7VKIc^J^$nxV>6o 
teSi R^tiiiti^^ AM p x0^eA;^SR t i?^ 7 KOfe v^ 
/ctc^^^$^^TV^^o tHi^AMPi(Z)m:^«^feiRiSr 
ii LTRte A;ti6Bt- y ^ - hVN' ^ /I'-y'x^^ $ ttr 
v^5p ia*slPAMPxOtli;f3«:fi^VpsATfe>}«:«5lc 
O M P a O A;^ ^ ^ V ^ :5 o 
[0 0 2 01 lli2^CIil^$;^^XV^^^:V^43<^^l : Mbnd^: 

IB[l^Jc;^s/7^y>i5^y-KA^T/C$r-?:n^HVRsl2:« 40 

KB^VM(-^!^i-5 hyyv^^^iJ'MBPulcM^^tL^cN 
OR'5r*-b20 IB, ^7hf^^l^;^iyy!;>i5'V-KC 

v^t-fi^M-r 5 f 7 > e^;^ ^ Mcpul-Sl^ ^ n/c N o R 

>Jr-h 2 0 Ic ; DDA^T>^DDBtl^#tcy-KC&^ 

[0 0 2 1] J:fE(^J:5t^. ^s-^Tx^t/T2H!g!j^$n 

XV^/^^/^:^w'i^-<-;^IH]?&^:li:»9^^$n^o HaicfiH 
*iC^nat T,COgiJ'g'ttTp;65^2 0-100 -v^^u 
fjfXh^o T^ (Tw) Oiilttl^l-S-T-Y^D^Xfe*} 50 
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(Ts) (D^i^mmXh^o Ti (Td) :a^6>OT2(?5 

mm\t:^^m(omMMx\tm'^ 10-20-^^^ D#t? 

[0 0 2 2] TW^NOR^f-hNxOm;^ (PWMc) 

VcoMP;65n-Xfc5i:i--5i:. T 
id5D— tJi/io^fcfc PWMctin-o^*i:i:*^!J, u 
PA*365P-<7>^^lllgKjh7^-i;;^i$^MAPutt (P^-^- 

[0 0 2 3] DNBXtty-hft^;6W2KT>'v/'yyWX 

b7>i^;^^$'MBNi>^SMiji-S<f^^^iiU Mbnd1>^ 

jgi@icjj;cxii:^i-6o fiisfE(^«tn (Rv^mmomm) 
jivrsao^ t) VRs<oiiiisa»fca: txsn-So VpsA^^^m 

JEViNct t) t>:^tV^i:t»lit|i!^COMPiicJ;oXV 
cQHp:aWtJ:?fel?> ^/cNOR^-bNsCOf^ffiSriiC 

XPWMc;65yN^{c/i:^, $bt-^tt(;i^oXh7>'v? 

Plihi-60 »^tt:&#tt^^^-KDDA<S:iiLxm«E 
(^^^fx^^ig^-^^p m{2:ov>x«:EI3<0^->^ IX 

[0024] m2RVl^3\ZJ^ti:bbs m3<D^-7.2fi 

knti:\f\ ro0'iIX«:PWMcttP-(D^^x*)t)> ^ 

APutt^^6*Jl-:^>'CO^^Xfel9. K(0i5 
1^«l?*$n?^j;V\ "*fc|gI2^o^^$tlXV^5<0«:f■>':/ 

v^3^^v^y-KCX1^>':?'>'V1-;5ri:355-^^^ y-K 

CT^it^Lx. 1^y:7>-f6r.^^x#5o isi^^n 

;^ 3 X^i1^>'>'>tti;^l S M P L (0^ ^ 

xh^). m~<o}) =^rw}i^xmumm^nmmit ^ 
[0 0 2 5] m3Tmn^rr\t^4 ^^^'y^'^3 o 

(-<J:i9^^nxV>5, T:,\tm3(D^-( ^:y^'y^ ^^3 
0 2(;:J:l9?r;$ixXi/^5o TsliT20i&/Nyu;^(^i)S(^ J; 
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^t-§•VRSAH7-Y:/3 0 4^^:J:^)^$tlt:v^So 
•^Mt^\X^^ ^ >^y^ :^ 3 0 7 J: /T:$nTV> 

So 

[0 0 2 6] I§]4tt*^PJ(O^ig0iJ(Cj;|9®J^&^tbS^ 

^/c7><:^4 0 2 tty-K A<oi;jETfo5o TiTvnW 

UTiO^^r^ {fctx.\t. 5 0-1 0 O-r^iJ^P^) 
[0 0 2 7) ^-tJ?. WC®EMF«^tii^-;J'|2:agffi'r 

y< (Mapo) ;d5^:7|2:/i:^iEttI{-^i:So MAPu;d5;t:7i2: 30 
m&(Di&T:^^h^mo ]) i^^:y^X^*y > K J: Tt-T 

[0 0 2 8] t 5 -otDHjfSfifiJSrl^ 5 tr^-f-, 40 

(il5Ji|gl2(0|life«3Jlc!li(^tTl^5c Lj^i^L. >^V:t- 

(VOLTAGE CONVERTER) -^Upai^I^ 

^m^-t^o hiOR^'-VN^R'a}<l^(Olhti\t±UVy 

^ y<^mm't^Rt>^ \zimDsB<oRummm^tix so 



4#M¥6- 1 6 9 5 9 2 

8 

[0 0 2 9] Il5^C|l]^$tlrV^/j;V^tJ(0tt : MBNDt 

^1"^ h^Vv^;^^MANi>J^r>*McND (^r>*KiiDNA>5^ 
l>*DNcK7>f :/nv^s/i5') ;MANutl^^tc;t/s/7'y 

^i5^MBNu^t>'McNu (.Ro*M»VpB:s^t;?Vpcl:E^lfeiHi 
?S) xh^o 

[0 0 3 0] ±U:^yf s/^|^BT^4fe-rSPWM;^-r y 
m'e-^X(D:^^m<Di^m^'Mi-^fc}^3m'^-^ ^ 

m6\Z^'to \Z\tmBLUA, LMB^t>*LMc:d5 

ti^tl^o 'e--^^(0^m\Xy^VA, B, CJ^D^Ct 

[0 0 3 1] Heidtt^T^c. :77^yN>^ . 
DDa, DDB:RtFDDc^S^$tlTV^6o 3'BO±gPM 
OSFETCOMapu, MBPuJ^T/McPud^H^^tLTV^ 
5o 3<iOT^MOSFETC0MAND, Mbnd^T>*Mcnd 

[0 0 3 2] m6\znt.±3m<D±UVy4y<. i-^j:t> 
t±^K7>r^^A (UDa) , ±UVy^y<B (UDb) 

JS^t>*±a5K7^/<c (UDc) tsm<OTUV*y-(y<s 

•r^j:t>hTnvy^y<A (lda) , T^K7-r^^B 

(LDb) ^i;^Ta5K7^^>*C (LDc) ^^LT^Sp 
[0 0 3 3] SetCtt^fc. 3S*EMFJt|fif5l (Back EMF 

Components=BEC) , i^U^i^^ (AMP) , itl^f 
^ (COMPJ ^T/Dv^S'iJ'Ifi]^. $bl-#^coA;^ 

[0 0 3 4] ^^-^^'^iSLMA, LMb^I>*LMc<^— 

mty-h'CrKmm^^x^f^^c 'e--^mmhMA(oi\h. 
<Di^:^(Dmty-VB\zt^m^tix^'^^o ^e-^mmh 
s/i^ • i$^>r^-KDDA<0;*y-Kfiy-KA|c^a$ 

^-kdda, DD^R'a^DDc(ory'-vit^'y>h*\z 

mU^tiX\f^^o yy^y^y^ •:^V;^-KDDa, D 

[0 0 3 5] mJlV^tlMO S F E TOMapu, Mbpu^ 
XmcP^^(DYV-:y^l■\Z^m■^f^X^^^. MOSFE 

T-MAPuOy-;^i^^|:j:y — Ka t mo s F E t-Mand 
(oYu-ym^\zm^v,^nx\^^a mosfet-Mbpu 
oy-;^^i^«:y — KBtMOSFE t-u^^(o k 

y^=f\Z.^m.^ilX\^^^o MOSFET-Mcput^y-;^ 
d^^^l^y- KCi: MO S F ET-McndCO YV-y^=h\Z 
S^ic$nTl^5o #MOSFET(DMand, Mbnd^U'M 
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i6^tlTV^5o y-VA\f^tc. ±UVV^^<A (UD 

a) ^:»EMFitel§BEC^^:^ig$tlXV^5, y-K 
BJi*/c±§|5K7-r^^B (UDb) a?EMFJtR« 

C (UDc) t'^EMF}t^^BEC\cmm^nX^^ 

5o ±S(S K7>r ^^IeIKUDa, UDB;Rt>*UDctt (±fB 10 

[0 0 3 6] UOSFET-MAf>v(0^—Vt^^\t±UV 
y^y<A (UDa) ^w^^$tiTV^6e MOSFET-M 

TV^^o MOSFET-MBPu(0<>'-hi^^H±gPK7-r 
>^<B (UDb) \^^m^iVX\^^i>o MOSFET-Mbnd 

<o^-vmiF\tTUVy4 >^<B (lDb) (-^^$:h.r 

V>^o MOSFET-McPuO<>-*-hi^^f±_b^K^^/^ 20 
C (UDc) ^^:^^^^nTV^-5o MOSFET-McndO 

5o :iO||Jfe^!lcD;^-^i/^i^gttMOSFETT'^5 
^t^:. ±^|5K^-Y^<Mapu, MBPu^tmcPutt5g^?tt± 
[0 0 3 7] A;^GA I UoRX^GA I NiJittii^AM 

P^-^M$^^TV^;5« mm^AMP<Dm:btXitm^co 30 

fe^ c o M p X (D^UAtiU \^mm. $ tlT V > ;5 o 
[0 0 3 8] A;tfTswf:iNOR<ir*— b Niton 1A;^SB 

N2(Dt±5:;fjt:iNO R^*- h u^<om 2 A;^^ic^^$ixT 
v^-5p roj:5t-tT. NORy-hNiSt;JN2»:7y 

[0 0 3 9] A:^TsAMPi.E(iNOR^'-hN3CD||l A 
:^U\^^m^tlX\^^^o NOR>5r*-hN3COtt3:^{iNO 40 
R>5r*-hN40^lA;^gU(;iSM$ttTV^^o NOR>i^ 

- h N.(7)ffl;^lJlNO R^- h N3C0m 2 A:^§i5lc^l^^ 

[0 0 4 0] it|^^COMPiC0{il;^)}^NORy-hN2 
on 2 A;t)gl5 1 N O R h N^t^n 2 A;^g|5(::^«c ^ 
tlXV^5o NOR^*-hNi(DtU:;'jd:±gPK5^^><A 

(UDa) , ±g(5K7>^'^^'B (UDb) AXJ^±nV'7^y< 
C (UDc) i-S^^nrV^^o NOR>r- hNatOfcB;^ 
liy-KSAMPLEta[EMFitg^:^BECfJ:S^$ 50 
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;h.TV^6o ®EMFite$^BECH^^[H]gg|Cfi^ig$tL 

5tti*CMPouT^«^^t"^, A:^upa, downa, 

UPb, DOWNb, VFaRV^DOWNM^Umm^^ 

XtJ^n^o A;^UPAfi±^Ky-r/<A (UDa) 

^$i^TV^'5o A;tlDOWNA(iT^K^^^N*A (L 

Da) t-S^$tbTV>^o A;^UPBJl±3K7-r/<B 

(UDb) \^^B^tlX\^^o A:^DOWNBtiTS|5 
^^<B (LDb) (::Sig&^nTVN5o A::^UPcf^_bf(5K 

^-T/^C (UDc) iCgJK^nTV^-5o A;^DOWNcfi 

TUVy^^<c (LDc) ^^:^M$ttTV^5o 

[ 0 0 4 1 ) H 6 (?5^^^jTttMO S F E TcDMapu, 

MaND, MbPU, MbND, McPU^I>*McNDll-=t— l$^#iSL 

Ma, LMB:Rt>*LMcSriiSmaESrS!)«)t* 5o ^SR$iJ» 
iHll^ttft-^uPA, dowNa, uPb, downb, up 
c^l/DOWNcSrTiJ'x^fyicL. ^-iJ^oy-KA, 

B:st)«c:d5#tifemjKVM:s^Tj«i5^^ > KSr;^x.5^-:^^m 
i-^o l^#i-^SP^JaiiEl^;65ff^DowNA^riJ'x>f 

T/t^^-f 5tTtBK^^^^'A (LDa) d^MOSFET-M 

E T-MANDd5®fei RsSrii cry — KA^^^yv K{;::«! 

[0 0 4 2] nmK. i$i^a5**iiiK:eiMi-^DowNB<^ 

r^T'^f r/l^t-^^T^K^^r^-^B (LDb) ;$5mos 

FET-MBNpO-Jr'-hi^T-lcmjE^rAPx. -^n{^:J:oX 
MO S F ET-MBND;6>^^Rs^ii CT / - KB 

KJ-e^iia^So l^a^cLT. ^SP^Jt9lll?S;65ft^DO 

WNc^TiJ^T^^f :/(c-t-^tT^Ky^^^c (lDc) 1^^ 

MOSFET-Mcm>iO^'-hiS^lcmEE<l:;t}Dx.. 

J: o TMO S F E T-McND;55^gi Rs^jMCTZ-KC 

[004 3] y ^r^- K-ett^^i5Sj^[pi?S;i5$ii^«-^ 

UPASrTiJ'T^^Zi/lii-r^tiasKy^f^^A (UDa) ;6S 
MOSFET-MAPuCO-^r'^bi^T-tiimJE^iDX.. ^^Ic 
a:oXMO S F E T-Mapu;5V - KA^#^^&SJEV„^C 

g^S^t-5o y-r^-KT«:^3^J#0K:d5ft 

^UPB$'T:^'x-^:/(;:•r5i:±gBKy^/^*B (UDb) 
ii^yiO S F E T-MBPuC7)>f- hiSs^t^lSJE^JtJPx.. tfl 
ICj:oT. MOSFET-MBPiiidV-KBS-ft^mEEV 

m{-S^1-5o H^i-Lt. ')-r=t-YxmfF-irhh 
t {CiJ^gBfSijaJlEl^ic J: oT^iJ^&ff ^U PcJi^r iJ' X ^ 
\z.f^^hh%Yy^ ^^C (UDc) ;!)5MOSFET-M 
cPuCO^^- hi^^(Cl:£E^j!lDx.. ^illCj:oTMOS F 
ET-McPu;dV-KC^^^l:iIVMlcS^t-5o tfc 
^SoT. y::^r^-K-Ctt^gM^lHl?SlCj:oTy-K 
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[0 04 4] ^aS»J^lHlK;55ft^DOWNA, DOWNo 
-KA, B^fcftC(D{^/i< tt>l^;i5^g^Rs<Srai: 
sSrii CTiJ''^ :/ Kt-^^g-rs r ^ Id J: oTl:»£;65gii 

<D&rtmw.(D±x&:i^o iiffiigAMP-^ 10 

N^i:m'^i-^:it\^xox^z.i>ztt^x^^o mm 

F E T bwzm.^Rsco^mm^^m^^ z t t^x^ 

3oxh67!}K :^^m^'t<Dm(Dmxmmi-6zti,x 
±i^^AMP(Dttj:^d^t>c^iitimmtiJtfti§co 
MPx(D#^^feA;^g5lc^n5o ro<i;5l-tT. it» 

^C0MPxO#^^^A;^^(Dmmttte5iRs$riiam^ft 20 

c b 7fi^x% 5o 

[0 0 4 5] it^:g^COMPi(t#^^A;^^comiE^ 

^<D^feA;^gUl;i#i£-r6A;^ViNi:itR1-^o A;^v 

-rUE A;^ V iNC^mflE^^ X. ^ t itfe^ C OM p 1 H 
4^SiSr^;l6o it«l§COMP.(Dtii;(3;55:l^ffi^^x:'5 

[0 0 4 6] SKi6!3J;iPWMi5^S:^lfe-r5lctt|2|3<0 

^?^3 0 lX^LtcXo\^i^T^RXJ^mmT^^^i-^^< 

^ t^: J: o r N O R h N 1 0 ffi ;^ (^fI-§-;65 r X >f 

tA;^UpA, UPe^fcHUPcior 

^ -r >r T^lf ■^;^l^•^tb^^^MO S F E T-Mapu, Mbpu^ 

5o MOS F ETCOMand, MBND^fcf:iMcND(D 10:55 
[0 0 4 7] ^ ^^m6W.J£}t^y = Ld i/d 
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m\^jt^\ix]):=^r\^mMi'^o "^-^mm^m^mm^^ 
mm-r^ j-onxjtRs c om p ^o^^mxti&oym 

jE ds A;^ Vx„<^mE Sr« X. -5 41^ Id JtR« C O M P X 

:7y 5/>'-y'p 5/:7-coi^ffij55^^bt). NORy-hNiO 
tl:i;^^5^^fgii4(c:/^6o NO R^- h Nx(??l±J;^i;65^^fg^^ 
IC;tC6t±gPK7-r^^UDA, UDB^t>'UDcttx^;^ 
T'/'i'l;!/^ t> . ^n{cJ;oTr^r^7'MOS FET 
(Mapu, MBFu^/cfiMcPu) ;65^:7ic/j^i9, W^§mjBE 

10 0 4 S] yy>(y<y^ ' ^yf^^]^DDAs DDb>R 
U^DDctiMO S F ETOMapu, MBPu^fcliMcPu:65;^- 

LMB^T)fLMcrt{j:«atOii^<S:ia:ft'5o yj^^^y^ 
• i$^-Y:^-KDDA, DDB^/cltDDc^iioTm^:d5 

t^^mSSRs±Ol:EE:65^>5r(c^g:T-t-'5p «^Rs±0 
mJE;65<g:T*r^>lconT^ itRI§COMPi(0|^^teA 
:^3<^®EttA;^ViNCDliflEJeXTt-Td5f?, %fz.Ym^ 

[0 0 4 9] m^^^M'^(Dfc^\Zj^EMFli^m^^ ^ 

fc Je> \z. tt/NVv;^ ^ A;^m-^ Tswic^D X.T ^ M T d;^^ 
Si§Lfe^fc/NVv;^^A:^TsA»on.Et-JbDx:-5o A;^J^I# 

ti\tm3(D&mB0 2\z^^tix\f^^, xtJiB^-T 

sAMPi.E<?5/<>^v;^ J: o T N O R V Na^tKN-* ^"^tp 

ft-i-SAMPLEIliSfrEMFttR^BEClcjljP;^^ 
m^^J:^EMFitm^^^'oX^^^mz^^ 
:/K^^46ao fe5iRs^il5l:»fL;6^ it^^glCOMPi 
<o^N^teA;^^IS<omJEi>5 A;t/ v inOSJE ^ .>!r> ^ T- 

t>^. NORy-hN3^t>'N^^^tp7 y 5/7^:7 p 5/:/ 
c^:t^flg;65^t)!9. ^(D|£;^{f -^s AMP L E;65^^?§tt(c 

[0 0 5 0] TS5;^^ 5 PWM>^^ 

1-0 l^7lCd:3O(;0^-i$^^j^LMA, LMB^t>*LMc 

KDUa. DUB^t>'DUc^ll/T:^nXV^5o El7(CJi 
^ fc 3 0(7)±aJ f-g^MAPU, Mbpu^O'Mcpu. 

AND. 

5o ^btJi^SBKy-Y^^A (UDa) , }MYyA^<F> 
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(UDb) , ±.nVy^^<C (UDc) , TUVy^y<A 
(LDa) , TSUK^-r/N'B (LDb) RV^TnVy-(^< 
C (LDc) tlI^$tLTV>-5o m7\Z\t^fc^hK^^ 
EMFitgf^BEC, (AMP) , itmW (CO 

[0 0 5 1] ^^-^mmLM^, hUnRXJ^LUcib^h 
- IsjH L MsOte^OiSS^ / - K B tC^j^ $ tlT V ^ 

tty-KA^c1SJa$nTv^<5o r^^-f^^s/^!^ •^^^^:?^- 
KDUB^ory-Kny-KB^c^^$nTv^s« :77 

ai^nrV^So • :^^^;;a--KDUA, DUb 

#^j|&mmV„H;^^iy^SfiMAPXj, MBPu^t>*McPoCO K 

-;^i^^-tiy-KA^;^>i' ^/^^MMand<^ Ku-vJS 
^\mm^tix\^^^o ;^>r s/^i^SMBPuCoy~>^«8^ 
«:y-KBa:;^-r ^y^SlfilMBNDf^ Ki^-viS^«;i1g{^ 

$nTV^^o ;^^iy^^^McPu(oy-;:^$^-i^tiy-K 

^►o S/f^KHMANP, MBND^t>*McNDOy-;^djS^ 

K^>ry<A (UDa) ^riSEMFitfellBEClcSEj^^ 
nTV^6o y--KBt)^fc±^PK7^^^B (UDb) 
aSEMFit«^BECI^:^^^^^^TV^-5o /-KCtj^ 
±±ny'7^^<C (UDc) 2:®EMFJt«||BEC(C 
^^^^nXV^^o «KRs(7)mii^i=-4.^ycti*illAM 

F(OXM^\cmU^tiX\^^i>o y-KCrtti^EMF it 
R«BEC(;i^J^$iXTV>5o 

[0 0 5 2] S^^^EMapu, Mbpu, Mcpu, 

Mand, UBm>RX/McTn>i^^MO SF ET(0^(Dii!l(07.^ 
yf-^mtLxm^i^iitl^m^^LfctiK MOSFE 

Tcoftt? y) \cm^\i^- v>h>hy >i^^^^i^m t 

[0 0 5 3] I No^I>'GA I Nattii*il§AM 

' uv ^<Df^m^X:hmzW^^)xx\^^^. A:^V:.r.ilit 

eJ§gCOMPlCD^SA;t)^|5^CgE^$nTV^5o A;^T 
[0 0 54] A;^TsAMPi.EliN6 Ry- h N3<7)^ 1 A 
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;^SPI-S^^nTV^^o NOR^'- hN3t0a:i;^|{^NO 
R'y-hN^O^lA;tlgPiC^M^nTV^5o NOR^ 

- f N^<offi;f3d:NO R<ir'- h NsO^ 2 X:hmz^m.^ 

flX^^^o r(^J:5l-LT. NOR>Jr-hN3j^i;N4ri 

[0 0 5 5] JttSf^COMPiC^tti;^fi#NOR'y— h 
N2St;?N4CO®2A;f3aiCl»a$nTV^-5o NOR-y- 
hNaOm;(3Jt^/cTg!JK7-r/<A (LDa) , T%Yy 
-r^^*B (LDb) R-a^TUVy^y^C (LDc) icg^^^^ 
10 nTV>-5o NOR>>*-hN3C0tfcJ:^Hy-KSAMPL 
Eti®[EMFIt|!5^BEC(C^)^$nTV>5o ®EMF 

JtKSBECttttS;tiCMPoin-<^^^fcL. 

[0 0 5 6] A;0UPAJi±^K7>r^<A (UDa) J:^^ 
^^nrV^^o A;(jDOWNAttTgeK7'Y/<A (L 

Da) l^:S^ig£$tLTV>So A:^uPB«±g|5K7-f /^B 

(UDb) i-^^$i^TV^5o A;^DOWNb(1T^ K7 

^/N*B (LDb) l-«i^$ttTV^-5o A;^UPc«:±SCK 
^>r>'<C (UDc) \zW^^flX\f^^o A:^DOWNcfi 
20 T^Ky^/^C (LDc) \Z,^m^f\^X\^^o AtlGA 
I No, GAINi, VjN, Tsw, Tsample, UPa. D 
OWNa, UPb, DOWNb, UPcST>*DOWNc«:^ 

[005 7] m7\c?jk Lfcmmm(Dmm'tm e (c^r UTt 

Pa, DOWNa, UPb, DOWNb, VPcRXfDOW 
Nc^^^LT^— tJ'^iKLMA, LMB^U'LMcOig^ 

30 mmti-:>(0^—'$^miS^<0±^h*y-(y<tm^J:^'ir—i^ 

6o y-KCr^y-KA, B^r>*C(75P^{;i^— 

't-^<ommw)mz^^^R\^'t^ t^^h^o 
[0 0 5 8] ]) :=^r^-mi^x\t^np]n^m'^Mm 
{t:^uPA, vp^Rx^vPo^mm^\zm\^^tu "tti 

\zX'^XmWJii^—^>'y^X±nVy^y'^VDAy UDb 
>RI>*UDc:65MO S F E TC^Mapu, MBPu2^U^McPuSr 

40 V^i:#rttf5 0MOSFET {<Dy^^ ^y^mW) it^m 

mvtmxh^o ^ummttfcmmm^DowhiA, d 

OWNB:5lr>*DOWNc^lg»)L. Ta5Ky>r^<LDA, 
L Db.JII>'L Dc;d5MO S F E TCOMand, Mbnd^T>*M 

i-^^o\^i-^o :irihoMosFETf>^^mt^rix 

mV^BXh^o TgPKy-f^^LDAs LDB>Rt>*LDctt 

T^i^3$i^7t'/- hmE^MOSFETOMAND, Mbnd 
50 Rv^Mcf^^tm^^i-^o l:EEVstA;^?mEEo||(cj:o 
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[0 0 5 9] P WM^— KT'd:PWM/</l->^f^®ateift 

7^^>^(c/j!>). ^ti\^X^XTUVy-^ ^<LDa, LDb 

^t>*L Dc:a^MO S F E TCOMand, MBT^RXJ^Mct^O^ 
-Mc:l;jE^J!jO;i. ^O^^^nbcOMO s F ETt^ 

%±\^:^>'f3:^o ^mmm&YXM 

OSFETOMapu, MBPu^/cttMcpu^iiLXy— K 

[0 0 6 0] ^r^i/iJ'i^^ii^mi^o^iifcji^v^L d 

i/d tT^^tb^fcfc, mEEi^^:t>\^^£ofcht^Z^ 
^Di-^o mfiEVs»tS*ii5lAMP--oA;^^{!:aH2>o 

li^^AMPO^V^^Itil^'SJ^T'fe'?. t(0^^>\t 

Xt^OA I No^O'GA I l^^\z.ii^un^^:Lbii^X^ 

tgti^AMP(DfcfcO*^«3fe'5rV>'ffltt5-'3 0 

J£Vs^mmLtcW£xh^o {t5;/:VsAttit«licoM 

sA^if^miS V inStM X. 6 ^ it^^ C O M P a H^Kfild^^ 

NOR</-hNiCOtti*t5^^?i&ttTfcl9. 
T&BK^-Y^^LDa, LDB2itI>*LDcf-^oTMOSF 
ETcOMand, MBND^I>*McND--y--MJE;5i5^4Lr 
tub(?5MOSFET;6S;d-7 (^^Ic^^^ii) Ic/j^^^ M 
OSFETOMand, MBND:^^tKMc^a>^5;j-70t^^^ 
i^^i©^il6^atLMA, LMB;RT/LMcd:^ni^±li 

[0 0 6 1] • :^^V;*--KDUa, DUb:^ 
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^^^T/^s/iJ' • iJ^-f KDUa, DUB>Rt)^DUcSrii 

oTma>i5ffin5^m*i^>^i-{g:Ti"6o mosfe 

3&s<g:Ti*2>^ttm?>(^MO S F E T^is^vc^ t ^ 

[0 0 62] ®§0?5cmSfDe»^JaiS:tT 5 fc4?>lCaSfir EMF 

v^6 1 # ttj^ EMF«im:d5)g^/^^r^i;ie# ^^omn 

tt2>^'^>'V;^tt^3<OSj^3 0 2{C^$nTVN;5o ^JtflJft 
20 -^TsAMPi^±OX/v;:iL|cJ:oTNOR'Jr— hNa^J^tJ^N^ 

f§-^SANPLE;6?ri5'r>f >^{j:>^j:?»o fl-^SAMPL 
E;65r>5'X>f :/Tfe5feV^yc^ i^EMFit^^BECti 
fllll?'j:iSEMFJtt(?$:m\ tiJ;(3CMPoirr^^^-r 

5o >'--KVsAomffi;&sx;tiVjN(DmjE^il|;t^t. It 

|5^COMPiCDit^tl;65^^:b»9. -^tL(;iJ:oTNOR>5r 

^(Dfe^. {i#SAMPLE3&5;fSI4J;i?^jJ6o fi-^ 

S A M P L E ^ t ^ E M F itliJ:^ B E C iigf 

30 EMFite5o^iig;6SttJ±$n5o i^±. y-r^-K^ 

t)« p WM^- KSr i il]6«jjc^^-r ^ i: J;^ J: oTK^tt 

[Ell] =^rRv^Y^^um^(ofz,ib<om^m^(omn 

[ma] ;!|s:^|^^Jfe0iJ(^iJ'-f ^ Vi^W.^^t-^-r ^ :y 

Ho 

[me] ±a^-r j/f'S^itT-jg^^pwMx^^r 
[il7] TSP><>< 5^^i^H*cS;i^pwM;^-i' 

10 1 Ky-f 
50 1 0 2 
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1 0 3, 1 0 4, 1 0 8, AMP, AMPi Ittg^g 

105 9>\ya h •s'/vf-z^-f 

10 6 AND>5^-h 

10 7 ^<yyr 

10 9, 110 ^^y<i/^ 

111, 112 h 

20 1 ORy— h 

COMPi it^lf 



LMa, LMb, LMc 
Rs, Ri teSi 
DUa, DUb, DUc 
DDa, DDb, DDc 
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UDa, uDb. uDc IMVy^^"^ 

LDa, LDb, LDc T'^Yy^y^ 

Mapu, Mbpu, Mcpu, Mamd^ Mbnd, Mcnd mo S F 

ET 



[iSIl] 



coHMPanoHy ---1 



[1^2] 
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